Role of G protein and protein kinase signalling in influenza virus budding in MDCK cells.
Recently, we have shown that influenza virus budding in MDCK cells is regulated by metabolic inhibitors of ATP and ATP analogues (Hui & Nayak, Virology 290, 329-341, 2001 ). In this report, we demonstrate that G protein signalling stimulators such as sodium fluoride, aluminium fluoride, compound 48/80 and mastoparan stimulated the budding and release of influenza virus. In contrast, G protein signalling blockers such as suramin and NF023 inhibited virus budding. Furthermore, in filter-grown lysophosphatidylcholine-permeabilized virus-infected MDCK cells, membrane-impermeable GTP analogues, such as guanosine 5'-O-(3-thiotriphosphate) or 5'-guanylylimidodiphosphate caused an increase in virus budding, which could be competitively inhibited by adding an excess of GTP. These results suggest that the G protein is involved in the regulation of influenza virus budding. We also determined the role of different protein kinases in influenza virus budding. We observed that specific inhibitors or activators of protein kinase A (H-89 and 8-bromoadenosine 3',5'-cyclic monophosphate) or of protein kinase C (bisindolylmaleimide I and Ro-32-0432) or of phosphatidylinositol 3-kinase (LY294002 and wortmannin) did not affect influenza virus budding. However, the casein kinase 2 (CK2) inhibitor 5,6-dichloro-1-beta-D-ribofuranosylbenzimidazole decreased virus budding. We further observed an increase in the CK2 activity during the replication cycle of influenza virus, although Western blot analysis did not reveal any increase in the amount of CK2 protein in virus-infected cells. Also, in digitonin-permeabilized MDCK cells, the introduction of CK2 substrate peptides caused a down-regulation of virus budding. These results suggest that CK2 activity also regulates influenza virus budding.